Abstract Wegerich et al. (J. Biol. Inorg. Chem. 18:429-440, 2013), working with singly modified human cytochromes c, claim to have found a new mechanism for the reduction of iron(III) cytochrome c by superoxide. I show that electron transfer by way of the solvent-accessible haem edge-a mechanism not considered by Wegerich et al.-is still the correct mechanism. Furthermore, several deficiencies in this work preclude any comparisons with other publications on this topic.
asymmetric electric potential field of cytochrome c [13] . The left side of Fig. 3 in Wegerich et al. [1] shows a beautiful view of the front of cytochrome c down the dipole vector, the positive end of which emerges near Phe82, close to the solvent-accessible haem edge. Regrettably, the source of this figure is not the reference indicated in the legend.
The mechanism explored by the authors goes back ultimately to a hypothesis of Winfield [14] that aromatic amino acids could be stepping stones during electron transfer. Dickerson applied this to cytochrome c and suggested that electron transfer occurs from the surface to the haem via Tyr74, Trp59 and Tyr67. It is this mechanism that Butler et al. [15] adopted for the reaction of superoxide and iron(III) cytochrome c. Later the Dickerson-Winfield mechanism was abandoned by Dickerson and Timkovich [16] because in cytochrome c-550 the position of Tyr74 is occupied by a leucine. This pathway for the electron was never meant to be a channel through which ions can reach the haem iron. Although anions such as cyanide can reach the haem iron, that reaction proceeds via the alkaline conformation of iron(III)cytochrome c, and is too slownear neutral pH as well as at higher pH [17] -to be relevant to the reaction of iron(III) cytochrome c and superoxide. However, if the energy to create a tyrosyl radical is available, the Winfield mechanism does apply to electron transfer in, for instance, ribonucleotide reductase, where a tyrosyl radical is generated by a high oxidation state of a two-iron centre followed by electron ''hopping'' over 3.5 nm, assisted by three tyrosines and possibly a tryptophan [18] . Thus, Wegerich et al. have misinterpreted a mechanism that has been found unsuitable for cytochrome c for 38 years.
Wegerich et al. [1] show that they are not familiar with the cytochrome c literature. It is curious that they measured the difference in the extinction coefficients of iron(III) cytochrome c and iron(II) cytochrome c at 550 nm to determine the concentration, but did not compare their difference of 24. . Similarly, the electrode potential of iron(III) cytochrome c/iron(II)cytochrome c is well known, ?260 mV versus the normal hydrogen electrode for horse heart cytochrome c [20] , but the value given by Wegerich et al. [1] , 15 mV for horse cytochrome c, is not compared with that value. The reader finds in the text of the ''Results and discussion'' section-not in the ''Materials and methods'' section and not in the legend of Table 1 , which lists the electrode potentials of horse, human and many singly modified cytochromes c-that an Ag/AgCl reference electrode was used. This would add 197 mV (saturated KCl) to 250 mV (0.60 m KCl), but because Wegerich et al. do not divulge what the chloride concentration of the reference electrode is, one cannot know what the electrode potentials of these cytochromes c are. In addition, the indirectly determined rate constant of horse cytochrome c is not compared with that obtained, directly by pulse radiolysis, by Butler et al. [15] or with other such published values [11, 21, 22] . The rate constant is very ionic strength dependent, with an extrapolated value of 3 9 10 6 M -1 s -1 at I = 0 [22] and pH 7.1 and 2.6 9 10 5 M -1 s -1 at 50 mM phosphate, pH 7.8 [11] . The ionic strength of the indirect assay is not given, but the reported rate constant of 6.7 9 10 4 M -1 s -1 near neutral pH [1] is outside the realm of reasonable rate constants. Wegerich et al. [1] used xanthine oxidase, a large protein of 270 kDa, to generate superoxide, which either disproportionates or reacts with cytochrome c. As the rate constant of disproportionation as a function of pH is known precisely [23] , the rate constant of the reaction with cytochrome c can be calculated from the amount of iron(II) cytochrome c produced. In 1973, Sawada and Yamazaki [24] used this method and found a rate constant that was approximately tenfold smaller than the rate constants found-later-in the pulse radiolysis studies cited above. Thus, this method to determine the rate constant of superoxide with iron(III) cytochrome c yields incorrect rate constants and should not have been used (see also [25] ). Why this method does not yield reliable results is not clear. The production of superoxide by xanthine oxidase may be influenced by the binding of other substrates or the binding of inhibitors at sites remote from the xanthine binding site [26] . Furthermore, superoxide may react with the substrates and the products of the enzymatic reaction-hypoxanthine, xanthine or urate-although no rate constants could be found. Wegerich et al. [1] compared the rate constants of reduction by superoxide of singly modified human cytochromes c that have an added positive charge. Given that the method does not yield reliable values, one cannot interpret the results. Another concern is the possible presence of trace amounts of copper during the assay. We showed that such contamination influences the yields and kinetics of the reaction of cytochrome c with superoxide and advocated the use of the metal chelator edta [11, 22] . Given these concerns, we urge the authors to determine rate constants directly-by pulse radiolysis-and in the presence of edta.
